Aim: The present study aimed to systematically map and summarise existing research regarding dietetics workforce preparation and preparedness that has been conducted in Australia. The secondary aim was to then identify gaps in the literature to inform future priority areas in Australian dietetics education research. Methods: The databases MEDLINE, CINAHL, Embase, ERIC, Informit and PsycINFO were systematically searched from inception until July 2017 using key search terms to identify eligible studies. Extracted data were independently reviewed, and study quality was appraised by multiple researchers. Results were categorised by setting and primary focus/foci and then narratively summarised. Results: Sixty-eight studies were included from 3779 records identified. Dietetics education research in Australia has spanned almost 30 years with more than half of studies (51%; 35/68) published in the last five years. The greatest proportion of research was conducted in the university setting (43%; 29/68), with students as participants (48%; 43/90) and was focused on the medical nutrition therapy area of dietetics practice (43%; 29/68). Published studies involving graduates (14%; 13/90); conducted in the workplace (12%; 8/68); and regarding emerging areas of dietetics practice (0%; 0/90) are lacking. Employment outcomes of dietetics graduates across Australia were last published over 25 years ago. Conclusions: This review provides a map for dietetics educators and researchers in Australia to guide future research regarding the preparation and preparedness of dietitians. Advancing the Australian dietetics workforce of the future will require a strategic, coordinated and collaborative approach to address the research gaps identified in this review.
Introduction
An effective dietetics workforce has the potential to greatly impact and optimise the nutritional health of individuals, groups and populations. The Australian dietetics profession has been responsive to evolving workforce needs with periodic reviews of national competency standards. 1 However, strategic and ongoing research is essential to ensure that dietitians have been optimally prepared to practise in the contemporary healthcare environment. With calls to change the way in which dietitians are prepared for practice in Australia, 2, 3 an examination of the Australian scholarship regarding dietetics workforce preparation and preparedness is warranted.
Dietetics workforce preparation (also referred to as dietetics education) has been described as the formal process of equipping students with the requisite attributes to independently practise as a dietitian. 4 In Australia, accredited dietetics education programs are required by national accreditation standards to develop student competence through a range of activities which typically take place in universities and professional placement sites. 5, 6 The 2015 revision of the National Competency Standards for Dietitians moved away from preparing graduates for certain settings and areas of practice (e.g. food service management (FSM)) with a greater emphasis on the development of professional attributes that can be applied in any setting. preparation, may be referred to as that state of readiness of a dietetics student or graduate for practice and subsequent entry into the workforce. While this phenomenon has been investigated in other health professions such as medicine, pharmacy and nursing, [7] [8] [9] the preparedness of students/ graduates for dietetics practice has not been systematically evaluated.
Enhancing the preparation and preparedness of future dietitians requires an analysis of robust data regarding the past, current and projected future state of the workforce. However, in Australia there is a lack of such information. 10, 11 Despite this, the Dietitians Association of Australia (DAA) has suggested that both the dietetics workforce 12 and the dietetics education sector 13 have experienced significant growth and change in recent years. It has also been proposed that private practice and food industry are new and emerging areas of dietetics practice. 1 Further, in 2015 it was estimated that with approximately 600 dietetics graduates entering the workforce each year, the profession in Australia was growing at around 10% annually. 11 Given this apparent expansion and evolution, a parallel increase in dietetics research would be expected but is yet to be investigated.
Mapping reviews are designed to produce a 'map' of existing research by identifying and categorising literature from an established body of scholarship. While mapping reviews are not always systematic in their approach and do not aim to answer questions regarding the effectiveness of interventions, they typically characterise the volume and quality of literature on a topic. Their results can highlight gaps in the literature, inform future research priority areas and provide health professional educators with direction on their research and education activities.
14,15 Such reviews have been beneficial in providing guidance for academic and educational activities in other health professions including occupational therapy and medicine. [16] [17] [18] [19] Despite the existence of an increasingly vast body of health professions' education literature, 20 professionspecific education research can be used to better prepare students to address future challenges. 21 Optimising dietetics education and the future dietitians involved in this phenomenon requires a coordinated, strategic approach to research regarding dietetics workforce preparation and preparedness. Results of such an approach have the potential to identify gaps and guide future dietetics education research, and to enhance effective dietetics workforce development. This review aims to systematically map and summarise existing research regarding dietetics workforce preparation and preparedness that has been conducted in Australia. The secondary aim of this review is to then identify gaps in the literature to inform future priority areas in Australian dietetics education research. This review will help to progress dietetics workforce development and enhance the effectiveness of future dietetics education and practice in Australia.
Methods
This review follows the format recommended in the Preferred Reporting Items for Systematic Reviews and MetaAnalysis, the PRISMA statement, 22 and was guided by an a priori protocol developed to ensure methodological transparency. As mapping reviews are outside the scope of the International Prospective Register of Systematic Reviews (PROSPERO) requirements 23, 24 this review was not registered. Ethical approval was not required.
The search strategy was developed based on the review's aim, the PICO tool (Population, Intervention/exposure, Comparison, and Outcome) 25 and author consensus, and was refined with the assistance of a health sciences librarian to optimise retrieval of relevant studies. A comprehensive and systematic search of the electronic databases MEDLINE (Ovid), CINAHL, Embase, ERIC, Informit and PsycINFO (Ovid) was conducted from inception to July 2017. No date or language limits were set. Reference lists of eligible studies were hand searched including issues of key journals published since July 2017 until December 2017 to identify any other eligible studies. The basic search strategy was adapted for use across the different electronic databases listed (Table S1 , Supporting Information).
Studies were eligible for inclusion if they: (i) investigated or described an aspect of dietetics workforce preparation and/or dietetics workforce preparedness; (ii) involved participants who were key stakeholders in dietetics workforce preparation (i.e. dietetics students, graduates, educators, practice educators/supervisors/clinical educators/preceptors, and patients/clients involved in dietetics workforce preparation/preparedness); and (iii) were conducted in Australia or in relation to an aspect of dietetics workforce preparation and/or preparedness in Australia. Parameters for the phenomena of dietetics workforce preparation and preparedness were conceptualised within the curve of improving performance in healthcare as described by Khan, 26 whereby students generally enter university as 'incompetent' and they progress through a series of stages to emerge as 'competent' graduates who proceed towards becoming 'proficient' in the workplace. Studies reporting on the preparation and/or preparedness of dietitians together with other health professionals (e.g. dietetics and physiotherapy students) were excluded, as were studies that investigated or described the development of competency standards for dietitians in Australia. Only original research studies were included. Editorials, review articles, commentaries/opinion articles, letters and conference abstracts were not eligible for inclusion.
All records identified by the search were exported into EndNote (Version 8) and duplicates were removed. Articles were reviewed for relevance against the pre-determined inclusion/exclusion criteria via the title, abstract and author address (KM), and independently cross-checked by a second (RH) and third researcher (JK). Full-text records that appeared to be eligible for inclusion were retrieved and reviewed (KM), and independently cross-checked by a second researcher (JK). Researchers then compared results to ensure consistency and identify the level of agreement. Another researcher (DR) resolved disagreements by independently examining disputed studies and discussing with other researchers until consensus was reached. One researcher (KM) reviewed the reference lists of eligible articles and recently published key journals to identify additional relevant studies.
A data extraction tool was developed with fields designed to capture key characteristics of included studies. Data which were relevant to the study's citation, design, participants, intervention (aspects of dietetics workforce preparation/preparedness investigated), context (setting and state) and practice area (area of dietetics practice) were systematically extracted into evidence tables. Categorisation of dietetics practice areas was guided by terms and descriptors used in national accreditation and competency standards. 6, 27 Despite the removal of practice areas from the most recent competency standards, current accreditation standards for dietetics education programs in Australia state that in the professional placement program, students should be able to demonstrate competence in medical nutrition therapy (MNT), food service and public health nutrition. 6 In regard to the intervention or aspects being investigated, the primary focus/foci of each study were deemed by researchers as being in either one or more of the following six categories-activity (curriculum/placement/workplace), assessment, competency development, stakeholder attributes, stakeholder views and other. Extracting data into evidence tables was conducted by one researcher (KM), reviewed by a second researcher (JK) and disputes were resolved via a third researcher (DR).
The quality assessment tool developed by Hawker 28 designed for systematically appraising disparate studies, was used to assess the quality of included studies. Each study was assessed by two independent reviewers (KM, JK). Any disagreements were resolved through discussion with a third researcher (DR). The quality of each study was critically appraised using a pre-determined set of questions in which nine aspects of each study was assessed as either good, fair, poor or very poor. 28 Quality appraisal results were combined and presented in graphical form to summarise the quality of the cumulative evidence.
Due to the heterogeneous nature and variation of included studies' designs, a meta-analysis and/or a thematic synthesis was not appropriate nor was it in line with the review's aim. In accordance with Grant and Booth's description of a systematic mapping review, 14 the content from included studies was collated to enable a descriptive analysis and summary of the existing literature. Where studies included multiple aspects (e.g. assessment and competency development) or multiple populations (e.g. students and graduates), the total number of characteristics were tallied which meant there could be more characteristics than there were included studies. Pooled study characteristics were represented in both graphical and tabular form, and frequencies were narratively described. Studies were categorised into one of three settings of interest (i.e. university, placement and workplace). The different aspects being investigated (primary focus/foci) in each study were then plotted against a grid to enable comparison across the three settings and relative proportions narratively summarised.
Results
A total of 68 studies met the inclusion criteria and were included in this review. 3, 11, Fifty-seven studies were identified from the search of 3779 records (Figure 1 ) with an additional 11 studies identified through hand searching.
Published dietetics education research in Australia has spanned almost 30 years with the earliest study published in 1990. More than half (51%; 35/68) of the studies were published in the last five years (2013-2017 inclusive) and more than three-quarters (77%; 52/68) were published since 2009 ( Figure S1 ).
The pooled characteristics of all studies included in this review are shown in Figure 2 and full characteristics for each study are shown in Table S2 . The use of multiple different participant groups was employed by 26% of studies (18/68) resulting in a total of 90 participant groups across all studies. Students were the most frequently studied participants (48%; 43/90) while only one study (1%; 1/90) sampled employers of recent graduates and only 14% (13/90) involved graduates themselves. A total of 95 instances of data collection from seven different data collection methods were used across the 68 studies. Nearly one-third of studies (28%; 19/68) used a combination of these data collection methods with surveys (40%; 38/95) being the predominant method of collecting data.
In regard to the area of dietetics practice that studies focused on, the largest proportion of studies were solely focused on MNT (43%; 29/68) while only one study focused on the area of research (1%; 1/68). Almost twothirds (65%; 44/68) of studies focused on either one or more of the practice areas of MNT, community and/or public health nutrition (CPHN) and FSM. No studies were specifically focused on the emerging areas of private practice or the food industry.
Six studies (6/68; 9%) were conducted across multiple states/territories of Australia, with research being conducted in the six different states/territories a total of 91 times across the 68 studies. Queensland and Victoria were the states in which the most research was conducted (both 33%; 30/91) followed by New South Wales (12%; 11/91). Figure 3 shows the aspect of dietetics workforce preparation and/or preparedness (primary focus/foci) being investigated by all studies across each of the three settings (i.e. university, placement, workplace) and across multiple settings (e.g. university and placement). A total of 180 aspects were investigated across the 68 studies, as shown in Table S2 . Compared to the university (43%; 29/68) and placement (38%; 26/68) settings, a relatively small proportion of research has been conducted in the workplace setting (12%; 8/68) (Figure 3) . The number of studies that investigated attributes of stakeholders in the workplace (e.g. graduates and their employers) are also limited (2%; 3/180). The 'Other' aspects investigated in the workplace setting included mentoring (2%; 3/180) and graduate employment outcomes (2%; 3/180). Research reporting on the employment outcomes from a national sample of dietetics graduates in Australia was last published Dietetics workforce preparation: a review in 1991. In regard to research reporting on the views of stakeholders, these were frequently investigated in the university and placement settings (e.g. students, practice educators) compared to the views of stakeholders in the workplace setting (e.g. graduates and employers of graduates) which were less commonly reported.
Quality appraisal of the research ( Figure S2 ) indicated that the Introduction and Aims were well articulated across studies and therefore commonly rated as 'good' using the chosen tool. However, many papers (25%; 17/68) showed 'poor' or 'very poor' ratings when ethics and bias were considered. While these elements may have been present but not reported in the studies, it could also mean that collectively, the research lacked ethical rigour and may have been influenced by researcher bias.
Discussion
This systematic mapping review provides the first broad examination of the scholarship conducted in Australia regarding the preparation and preparedness of the dietetics workforce. It demonstrates that research on this topic has been increasing in line with the reported expansion of the dietetics workforce and the dietetics education sector across the country.
12,13 With a total of 68 studies included in this review, a country-specific body of evidence for dietetics education in Australia exists. However, there appears to be a relative overrepresentation of research from some settings (i.e. universities), participants (i.e. students) and areas of practice (i.e. MNT). Research in certain settings (e.g. workplaces), on certain participants (e.g. graduates) and in regard to emerging areas of dietetics practice (e.g. private practice and food industry) is lacking.
The findings that a relatively small proportion of research has been conducted in the workplace and has involved graduates and employers are noteworthy. Further analysis regarding the aspects of dietetics workforce preparation/preparedness investigated in the workplace setting reveal that there is a gap in published research on: the attributes of graduates (e.g. age, gender, state of graduation); graduate professional development activities (e.g. mentoring) and graduate employment outcomes (e.g. status of employment, time taken to secure work, area of practice). The finding that employment outcomes of dietetics graduates across Australia were last reported over 25 years ago is concerning. This indicates a gap in our ability to discern the effectiveness of dietetics education in meeting the needs of our dynamic and evolving workforce. This evidence gap may reflect methodological challenges associated with contacting recent graduates once they have completed their university qualification, and their employers. 95 Further, given the apparent oversupply of dietetics graduates in Australia, 10 it may be of lower priority for academic educators to conduct research on students who have graduated from their programs, and/or graduates may be less willing to participate in research. In the USA, university programs are required by accreditation standards to set goals on graduate employment rates and employer satisfaction. 96 However, this is not a requirement for universities in Australia. In addition, universities may be collecting this data but not making it publicly available. As a self-regulated profession, dietetics is unable to benefit from the comprehensive collection and dissemination of national health practitioner data conducted by the Australian Health Practitioner Regulation Agency which is afforded to other health professions including physiotherapy, occupational therapy and pharmacy. 97 These gaps demonstrate a critical need for research and dissemination activities that provide data and evidence regarding recent dietetics graduates, their views, their attributes and their entry, or attempts to enter, into the workforce.
Pooled study characteristics indicate that there is a relatively large number of studies that involve students as the participants and which pertain to the MNT area of dietetics practice. As most dietetics educators in Australia are required to attribute some proportion of their work activities to research, and that most dietetics educators report having a practice/research specialisation in clinical dietetics, 11 these findings are not surprising. The accessibility of students while enrolled at university, and the incentive for educators to evaluate newly developed educational activities may also help to explain these results. There appear to be few published studies which have focused on academic dietetics educators in Australia, who have been recognised as pivotal influencers in dietetics workforce preparation in other countries. 98, 99 A plausible reason for this is that academics are actively conducting research rather than being involved as participants. There is also a demonstrated need for research that involves those stakeholders who are receiving, or are impacted by, the service being provided by graduates (e.g. employers, clients). With the Australian Government's desire to ensure that universities continue to improve on outcomes for graduates and employers, 95, 100 exploring these gaps will be increasingly important.
More than three quarters of dietetics education research has been conducted in the three states which offer the greatest number of dietetics education programs. 101 This is a likely reflection of the higher proportion of dietetics educators in those states conducting related research or due to those researchers having expertise in education research. The small proportion of dietetics education research which has been conducted across multiple states may indicate a lack of collaboration between dietetics education programs. n medical nutrition therapy: includes activities related to the management of nutrition care for individuals, clients and/or patients; community and/or public health nutrition: includes activities related to the planning, implementation and evaluation of nutrition programs with groups, communities or populations; food service management: includes activities related to managing components of a food service system to nutritionally dependent and/or vulnerable populations; all: no single area of dietetics practice specified; includes activities that could be related to all areas of dietetics practice.
Initiatives such as a recently established Community of Practice for Dietetics Educators in Australia
102 may be an effective mechanism for collaborative dietetics education research that capitalises on shared resources and addresses shared issues. This echoes previous calls for strong leadership and academic collaboration within the dietetics education sector for the benefit of both the existing and emerging dietetics profession. 4 The finding that MNT, FSM and CPHN are the areas of dietetics practice where most studies have been focused, warrants further examination. This finding is logical given that the studies in this review have been pooled over a 27-year period and that these settings have historically been a focus in previous competency and accreditation standards for dietetics education programs in Australia. 27, 103 While knowledge and skills developed in established practice areas (e.g. MNT) may be transferable to other practice areas (e.g. private practice), this is yet to be demonstrated. Also, given that today's dietetics graduates may be working in a range of contexts outside these established areas (e.g. food industry), further data and research is urgently needed to ensure that graduates are well prepared for a range of practice areas.
The demonstrated increase in published studies in recent years confirms the assumption that the volume of dietetics education research is growing along with the apparent expansion of both the dietetics education sector 13 and the dietetics workforce in Australia. 12 The 2009/2010 and 2014/2015 spikes in publications may be reflective of increased dietetics education scholarship associated with the most recent revisions of the national competency standards in Australia, which took place in 2009 and 2014/2015. 1, 104 The peak of publications seen in 2014 may also have coincided with the surge in dietetics education programs in Australia. 1 In 2014, it was reported that 23 dietetics education programs (either accredited by or seeking accreditation from the DAA) were being offered by 18 Australian universities. 11 Along with a small reduction in accredited dietetics education programs since 2014 (in December 2017, 18 programs were being offered from 16 universities 101 ) the volume of dietetics education research published each year appears to have decreased from 2014 to 2017. As the dietetics educator workforce continues to develop and evolve, it is reasonable to assume that research regarding dietetics workforce preparation and preparedness will stabilise, if not increase, in future years. c an activity conducted in the university/placement/workplace setting regarding the preparation, preparedness and/or professional development of students and/or recent graduate dietitians for the workforce;
d an activity that is aimed at measuring, investigating or developing the competence of dietetics students/graduates; e an activity that involves students being assessed on an aspect of professional competence as a part of a dietetics education program; f any other aspect of dietetics workforce preparation/preparedness that is investigated in the study but does not fall into one of the previous categories of aspects investigated; g results tallied along the X axis relate to single studies conducted in those settings. However, as most studies investigated multiple aspects some studies may be represented in the Y axis more than once.
It is recognised that a significant amount of research conducted outside of Australia and regarding health professions other than dietetics can be used to inform the preparation and preparedness of dietitians in Australia. To address the review's aims, only research regarding workforce preparation and preparedness in Australia was considered. Due to the heterogeneous nature of the research methodologies of included studies (qualitative, quantitative and mixed methods) in this review, a quality appraisal tool was chosen to standardise the assessment. However, this may have unfairly biased the assessment of some studies which were not well-matched to the tool. For example, short reports and case studies were appraised in the same way as full, original research articles. Further, the ethical rigour aspects of the quality assessment tool required multiple criteria to be met for studies to be classified as 'good'. Also, studies published almost 30 years ago were appraised in the same way as studies published in 2017, despite significant advancements in the protocols, practices and guidelines which exist to guide research today. The categorisation of studies into areas of practice may not reflect the main areas of practice where dietitians in Australia currently work. Due to a lack of published data on current dietetics practice areas, efforts were made to align categories with areas described in Australian dietetics competency and accreditation standards. Also, researcher discretion was sometimes needed to interpret the related area of practice and aspect of dietetics workforce preparation being investigated in each study.
While the development of national competency standards is relevant to dietetics workforce preparation, studies focusing on this topic were excluded. This was in recognition of competency standards being applicable to the entire dietetics workforce (not just those being prepared for the workforce), the broader body of evidence used to inform competency standard development and that a review and description of competency standard development in Australia has previously been described. 1, 5, 105 A synthesis of results which is characteristic of most systematic reviews (e.g. a meta-analysis of quantitative studies or a thematic synthesis of qualitative studies) was neither possible nor appropriate in this review. However, this review was methodologically enhanced by a systematic approach being taken to the search, appraisal and analysis of included studies. This is not typical of mapping reviews 14 but was carried out in order to enhance rigour. Multiple researchers were involved in all stages of the review, which was also strengthened through the development of an a priori protocol, predetermined data extraction tools and the development of consensus on any disputed results through iteration and researcher discussion.
This review has demonstrated that there are gaps in the research that currently exists regarding dietetics workforce preparation and preparedness in Australia. While ongoing research regarding these important phenomena and in this evolving workforce sector is required, the following categories and specific areas highlight existing gaps in scholarship, including:
• Participants: graduates, employers and academic educators • Settings: workplaces • Areas of practice: emerging areas such as private practice and food industry • States/territories: multiple/combined states/territories
In addition, significant gaps exist regarding aspects of dietetics workforce preparation and preparedness that have been investigated in the workplace setting (i.e. attributes, views and activities of recent graduates in Australia). The development of a national database to profile dietetics graduate attributes in Australia may be a useful tool to enable: the dietetics profession to analyse trends in the emerging workforce; dietetics educators to plan and execute relevant curricula and activities; and dietetics students and graduates to manage their expectations regarding career choices and to make informed decisions on future career paths.
This systematic mapping review provides evidence of existing research regarding the preparation and preparedness of the dietetics workforce in Australia and can be used to guide dietetics educators and researchers in future research. While it is encouraging that a body of dietetics education research exists and has been increasing, if the Australian dietetics workforce of the future is to further advance the nutrition-related health of the population, a strategic, coordinated and collaborative approach is recommended to address the research gaps identified in this review.
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